OBJECTIVE: To study the determinants and nature of dietary underreporting in a free-living population. DESIGN: Cross-sectional study of nutritional and behavioural characteristics. SUBJECTS: 1030 weight-stable subjects, 501 women and 529 men older than 15 y, included in the Fleurbaix Laventie Ville Sante Â study. MEASUREMENTS: Dietary intake was assessed using a 3 d dietary record. Self assessed body weight and height were also recorded. Behavioural and socio-economic data were obtained from a questionnaire. Underreporters were de®ned as people with a reported ratio of energy intake to estimated basal metabolic rate lower than 1.05. RESULTS: Underreporting concerned 16% of the population and was signi®cantly more frequent in obese than in non obese subjects (P`0.001). Underreporting was signi®cantly associated with a high socio-professional class (P`0.05), having dieted at least once (P`0.01) and to be in dietary restraint (P`0.05). Furthermore, the contribution of protein to energy intake was signi®cantly higher in underreporters than in non underreporters, independently of weight status. CONCLUSIONS: These data underline that underreporting may bias the assessment of energy and macronutrient intake, particularly in studies on obesity and dietary restraint. Questions about weight concern, dieting and dietary restraint may be useful to identify subjects who underestimate their food intake.
Introduction
Accurate measurement of energy intake is the cornerstone of studies of the association between diet and health. Methods available for dietary assessment range from quantitative approaches, such as the actual weighing of foods consumed, to more qualitative evaluations, such as diet histories or food frequency questionnaires. There is no gold standard for evaluating the food intake of individuals. 1 The validity of measures of dietary intake is dif®cult to assess because all methods rely on information given by the subjects, which may not be correct. In order to validate dietary assessments by objective measures, many investigators have searched for useful biological markers of food intake. Total energy expenditure (TEE), as assessed by the doubly labelled water method, re¯ects energy intake (EI) in weight stable individuals. Using this method, it has been shown that obese women reported an energy intake lower than energy expenditure. 2±8 Further investigations 9±11 have
shown that underreporting was not con®ned to obese people. As doubly labelled water techniques are complex and costly, they are not feasible in large epidemiological studies. Goldberg et al 12 have proposed, using the principles of energy physiology, to derive cut-off values, expressed as multiples of the basal metabolic rate (BMR), for evaluating reported energy intake against the expected level of energy expenditure in sedentary individuals. Using these cutoff limits to examine published studies, Black et al 13 found that self-reported energy intake was frequently biased towards the underestimation of energy intake, whatever the dietary assessment employed.
One way to correct the data from dietary records would be an upward adjustment of the individual energy intake to the mean value of their age class by sex. However, the degree of underreporting is not consistent in individuals within a population and it is important to characterize individuals prone to underestimate their dietary intake. Identi®cation and characterization of underreporters should lead to a better understanding of the bias and to a better interpretation of nutritional data.
Some suggestions have been made as to the cause of this underestimation including inaccuracy in reporting food portions, memory disturbance, psychosocial, behavioural and cultural factors, 14 in a community study, it has been reported that dieters underreported their intakes more than others, independently of age and gender 15 but the characteristics of underreporters remain unclear. The aim of this study was to evaluate the prevalence of underestimation of food intake in a free-living population and to study the dietary and psychosocial characteristics associated.
Method
A dietary survey was carried out between February and July 1993, as part of the baseline survey of the Fleurbaix Laventie Ville Sante Â (FLVS) study, a ®ve-year intervention study aimed at evaluating the impact of a nutritional education of children, on the dietary habits of the whole family.
Subjects
The subjects of this study were adults and adolescents over 15 y old living with the children participating in the evaluation of the nutritional education program. The present study was conducted before the beginning of the nutritional education. The 737 eligible families had children enrolled in school in 1992 in grades between the last section of nursery school and the last section of primary school in public and private schools in four towns of Northern France. 133 families refused to participate and 55 could not be contacted: 549 families were included, 593 men and 626 women. Because of missing data, 26 women and 21 men were excluded. Furthermore pregnant women (n 18) and people indicating that they had lost weight over the last two months (81 women and 43 men) were also excluded. The present survey included 501 women and 529 men. The protocol of the FLVS study was approved by the Comite Â Consultatif de Protection des Personnes dans la Recherche Biome Âdicale (CCPPRB) of Lens and by the French Commission Nationale Informatique et Liberte Âs (CNIL).
Data collection
Participants were seen at home and were given a selfadministered questionnaire including questions on leisure activity (do you play sport regularly? yes, no), weight concern (do you feel too heavy? yes, no), history of weight (how many times have you been on a diet since the age of 14?), indicator of dietary restraint (do you have to reduce food intake in order to maintain your body weight? yes, no), and socio-professional class, de®ned according to classi®cation of the French`Institut National de la Statistique des Etudes Economiques': farmer, craftsman or shop-keeper, professional, intermediate profession, employee, workman, retired and without profession. Body weight and height were also self recorded by the participants.
Dietary intake was assessed, before the beginning of the nutritional education, program, by a three-day record (two week days and one day of the weekend). The start of the record was arranged so that each day of the week was adequately represented. Subjects were ®rst visited at home and given instructions to ®ll in the records. They were left with written instructions and a note book. Within a week, a home visit was made by a trained dietitian to check the information recorded and to quantify household measures and portion sizes. Coding was made by each dietitian, and data were then checked by a dietitian who was not in charge of collecting nutritional data. Nine dietitians, trained for standardization in collecting data were employed. Nutrient intake was calculated using the French food composition tables,`Re Âpertoire ge Âne Âral des aliments', 16 and the McCance and Widdowson's food composition tables. 17 
De®ning underreporters
The basal metabolic rate (BMR) was estimated according to Scho®eld's equations 18 using age, sex and self-assessed weight.
The equation for calculating the cut-off value of the EI/BMR ratio is following:
where the TEE/BMR ratio is the assumed average physical activity level for the population under study. According to the FAO/WHO/UNU, 19 for low activity, a value of 1.55 was chosen for the average physical activity level. SD min is 72 for 95% con®dence limits, n is the number of individuals in the group and the term S includes the inter-individual variation in energy intake and the number of recorded days (3 in our study). Assuming that the coef®cients of variation were 12.5% for inter-individual TEE/ BMR, 19 8% for predicted BMR, 18 and 23% for intra-individual energy in middle-aged subjects, 
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The cut-off value to evaluate reported energy intake at the individual level (n 1), is estimated to be 1.05. Underreporters were de®ned as weight-stable subjects with a reported ratio of EI/EMR est less than 1.05. As a signi®cantly higher proportion of underreporters was found only in the highest socio-professional class (professionals), all comparisons have been made between this category and the seven others. For attempt to diet, two classes were used: never dieted and dieted at least once; too few men have been dieted more than once since the age of 14 to have more classes. Two classes were also used for weight¯uc-tuations: never lost and regained 10 kg vs lost and regained 10 kg at least once.
All results are expressed as means and standard deviations for quantitative variables and as percentages for qualitative variables. Differences between underreporters and non underreporters and between obese and non obese subjects were assessed using Student t-tests and w 2 tests, and logistic regressions analysis was used to estimate the odd-ratios.
The association between dietary underreporting and other factors was ®rst analysed without adjustment using logistic regression. As the distribution of underreporters by age and self-assessed BMI classes was different between women and men, adjustments were made in multiple logistic models for sex, age (as a continuous variable) and BMI, as well as for all of these variables plus speci®c interactions. Results are expressed as odds ratios with their 95% con®dence intervals The signi®cant interactions were between age and weight¯uctuations (P`0.01) and between BMI and weight¯uctuations (P`0.01). The variables which were signi®cantly associated with underreporting, after adjustment for sex, age, BMI and interactions were included in a multivariate logistic regression model to test if these variables (high socio-professional class, to have dieted at least once and to be in dietary restraint) were independently associated with underreporting.
The level of signi®cance used to assess differences was 0.01. Analyses were performed using SAS software.
Results
The characteristics of the 501 women and the 529 men studied are given in ) are shown in Figure 1 .
The distribution of underrporters by age and self assessed BMI classes is shown in Figure 2 for both sexes. In men, 52% of underreporters were above the upper quartile of BMI with more underreporters over 35 y whereas, in women, only 35% of underreporters were above the upper quartile of BMI.
The proportion of underreporters was signi®cantly higher in obese subjects compared with non obese (35% vs 13%) ( Table 2) , and they were signi®cantly older only in non obese subjects. Energy intake was signi®cantly greater in obese people for both under- Underreporters are subjects which EI/BMR`1.05. Figure 1 Distribution of the ratio of energy intake to estimated basal metabolic rate (EI/BMR) in 501 women (j) and 529 men (u). Basal metabolic rate was estimated using Schol®eld's equations.
Determinants of dietary underreporting
reporters and non underreporters. Among non underreporters, the contribution of lipids to energy intake was signi®cantly higher and of carbohydrates lower in obese people than in non obese but there was no difference for protein. In underreporters, no difference in the macronutrient composition of the diet was observed in obese people compared with non obese people. However, the percentage of energy intake from protein was greater, and the percentage of energy intake from carbohydrates lower (although this only reached signi®cance in the nonobese group) in the underreporters compared with non underreporters, regardless of weight status ( Table 2) .
The most signi®cant factors associated with underreporting were the indicator of dietary restraint and having dieted at least once since the age of 14 y (Table  3) , After adjustment for sex, the odd-ratios changed little, and after adjustment for age, only the practice of sport became non signi®cant. After adjustment for BMI, only a high socio-professional class, dietary restraint and having dieted at least once remained signi®cant; the results did not change after further adjustment for sex, age, BMI and their interactions with each factor.
In a multivariate model after adjustment for age, sex, BMI, a high socio-professional class, having dieted at least once since the age of 14 y and dietary restraint were independently and signi®cantly associated with underreporting. The odd-ratios decreased to 1.71 for dietary restraint (P 0.04), to 2.05 for having dieted at least once since the age of 14 y (P 0.008) and to 2.01 for a high socio-professional class (P 0.008). Interactions with age and with BMI signi®cant at the level 0.01. 
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Discussion
In the present study, a high prevalence of severe dietary underreporting was observed in a free-living population. This prevalence was higher among obese than non obese subjects. These results are in keeping with previous studies showing that underreporting was associated with overweight. 4, 5 However, underreporting was not con®ned to the obese population, as previously reported in a population of healthy volunteers, where increasing BMI accounted for only 6% of the variance of underreporting de®ned as the difference between total energy expenditure and energy intake. 24 Furthermore, 65% of the obese subjects study were not underreporters, underlying the fact that in communities studies there are good reporters among the obese people and also underreporters among non obese people (13% in our study). The most interesting ®ndings of the present study are that, independently of obesity, underreporting was related to a perceived need for dietary restraint, having dieted at least once and to socio-professional status.
The prevalence of dietary underreporting in our population was rather low as compared with the results published by Pryer 23 (women: 47% and men: 30%) and by Ballard-Barbash 22 (48% in normal weight and 71% in obese people) but was not very different from the frequency reported by Haraldsdottir 20 in young adults (20%). In contrast to some reports, 26, 27 but in agreement with others, 8,15,23 we did not ®nd a gender difference in underreporting. These discrepancies between studies could be due to differences in the EI/BMR cut-off limits used to de®ne underreporters (Figure 1 ), and to differences in the methods of dietary assessment. Pryer et al 23 de®ned underreporting by EI/BMR`1.2, whereas, for individuals with three days of dietary recording, we have used a cut-off value of 1.05. This cut-off value of 1.05 was estimated assuming an average physical activity level of 1.55. This value was ®rst used by Goldberg et al 12 Recently, Black 28 questioned this level of physical activity because a meta-analyse 29 showed that the mean values of physical activity level were higher than 1.55 for all age-groups. Using a cutoff value over 1.55 would lead to the exclusion of too many subjects, thus, to minimize bias we used the lowest cut-off that might reasonably exclude the major under-reporters, Using the same cut-off limit as in our study, Ballard-Barbash 22 reported higher levels of severe underreporting, which could be explained by his method of dietary assessment: four repeated 24 h recalls. Such 24 h recalls rely on memory and have been shown to give lower estimates of food intake than three-or four-day records, 30, 31 leading to a higher proportion of underreporting. Using a seven-day weighed food record and the same methodology as us to identify underreporters in young adults, Haraldsdottir et al 25 found a similar frequency of underreporting, especially in men (18%). These results highlight the need for a better standardisation of nutritional surveys. A bias between measured and self-reported anthropometry was shown by some studies. 32±34 This bias consisted in an underestimation of self-reported weight and in an over-estimation of self-reported height, which were function of the degree of obesity. The difference between self-reported and measured weight and height increased with BMI. 33 It is likely to be the same in our study, leading to an underestimation of the frequency of underreporting, more especially in obese people.
Finally a fourth factor might explain the discrepancies between studies: a true difference between populations. In our population, underreporting was associated with higher social levels, where obesity may be a more severe stigma putting a greater pressure to restrain food intake and to consciously not record food considered to be unhealthy. However these results differ from those of Livingstone 35 , Pryer 28 and Price 36, 37 who found a greater proportion of underreporters among people of lower social classes. This difference could be due to different cultural attitudes to food or to obesity between the French and the Anglo-Saxon. Laurier et al 38 have shown that some relationships between lifestyle factors and obesity differed between France and the United Kingdom.
In the present study, underreporting was associated with cognitive dietary restraint and attempting to diet, independently of weight status. This gives some new insights on the concept of`dietary restraint' and small eaters'. Dietary restraint has been de®ned as the tendency to control food intake consciously in order to prevent weight gain or to promote weight loss'. 39 People with such eating habits were considered by some authors as`small eaters' because their reported energy intake was much lower than that of control subjects. It was suggested that`small eaters' had lower energy expenditure. However, many studies failed to demonstrate a lower energy expenditure or a lower metabolic rate in`small eaters'. 40, 41 Recent studies 42, 43 con®rm that`small eaters' appear to be consuming nearly twice as much energy per day as that determined from their ®ve-day weighed food diaries and are in fact underreporters. Such studies demonstrate, in a clinical setting, that underreporting and dietary restraint were linked. Our study con®rms this fact in a community study.
The association between underreporting, cognitive dietary restraint and attempting to diet on the one hand and to obesity on the other hand could bias the relationship between obesity and food intake. Two recent studies support this hypothesis; in the ®rst, 44 the apparent in¯uence of weight on food choices of adolescents disappeared when dieting status was taken into account; in the second, 22 the negative association of BMI with energy intake was weakened after adjustment for dieting status. This bias is not only con®ned to energy but concerns also the macronutrient composition of the diet. In our study, considering the whole population, protein intake was higher among obese people but this difference disappeared when underreporters were excluded; in fact, protein intake was signi®cantly higher in underreporters than in non underreporters whatever their weight status. Comparing the reported protein intake with urinary nitrogen, Heitman 26 also demonstrated that the underreporting of energy intake was not associated with underreporting of protein intake, so that in this population, protein intake, as expressed as a percent of energy intake appeared to be higher in underreporters. The associations between underreporting, obesity and restrained eating could help explain the discrepancies in the literature between protein intake and obesity. Some studies found a positive relationship, 45±47 whereas others did not. 48 Unfortunately, dietary restraint was not assessed in these studies. Interestingly, a higher level of self reported protein intake was also described in restrained eaters. 49, 50 All together these data indicate that underreporting may be a major confounding bias in the assessment of macronutrient composition of the diet in obese subjects and in subjects who are`restrained eaters'.
Underreporting is now a well recognized phenomenon. As it is more frequent in obese people, it could bias studies of the relationships between food intake and obesity. Our data emphasize the role of psychosocial factors such as dietary restraint and attempting to diet in underreporters and provide a means of identifying such individuals in epidemiological studies.
